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(54) Motii in-like polypeptides that inhibit gastrointestinal motor activity. 

(57) This invention pertains to polypeptides having gastrointestinal motor inhibitory activity represented 
by the formula : 

R 1 -N-*CHC0-A-B-D-E-Thr-F-G-H-Leu-I-J-NH-*CHR 5 (1) 

II I 
R 2 CH 2 R 3 CH 2 R 4 
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including optically active isomeric forms and the pharmaceutical^ acceptable acid addition salts 
thereof wherein A is the L-stereoisomer of a lipophilic aliphatic or alicyclic amino acid ; B is selected 
from the group consisting of L and D aromatic, heteroaromatic, lipophilic aliphatic, and alicyclic amino 
acids ; D is the L-stereoisomer of a lipophilic aliphatic or alicyclic amino acid ; E is the L-stereoisomer of 
an aromatic, aliphatic, or alicyclic amino acid ; F is the L-stereoisomer of an aromatic or heteroaromatic 
amino acid ; G is glycine or D-alanine ; H is L-glutamic acid or L-glutamine ; I is L-glutamine, L-glutamic 
acid, or L-alanine ; J is a direct bond between I and group -NH- or is selected from the group consisting 
of Z, 2-Leu, 2-Leu-Gln, Z-Leu-Gln-Glu, Z-Leu-Gln-Glu-Lys, Z-Leu-Gln-Glu-Lys-Glu, Z-Leu-Gln-Glu-Lys- 
Glu-Arg, Z-Leu-Gln-Glu-Lys-Glu-Arg-Asn, Z-Leu-Gln-Glu-Lys-Glu-Arg-Asn-Lys, and Z-Leu-Gln-Glu- 
Lys-Glu-Arg-Asn-Lys-Gly, wherein Z is selected from the group consisting of arginine, D-arginine, 
D-homoarginine, D-lysine, D-ornithine, D-2,4-diaminobutyric acid, D-glutamine t D-asparagine, and 
D-atanine ; and R 2 are independently hydrogen or lower-alkyl ; R 3 is selected from the group 
consisting of lower-alkyl, cydoalkyl, substituted and unsubstituted aryl, and heteroaryl, wherein the aryl 
group may be substituted with one or more substituents selected from the group consisting of halogen, 
hydroxy, and lower-alkoxy ; R4 is selected from the group consisting of -CH 2 CONH 2 , aminoalkyl groups 
containing from 1 to 3 carbon atoms, and guanidinoalkyl groups containing 2 or 3 carbon atoms ; R 5 is 
-COOH or -CONH 2 ; and the symbol * represents an asymmetric carbon atom which may be in the D or L 
configuration, and each lower-alkyl group contains from 1 to 4 carbon atoms, with the proviso that R4 is 
-CH 2 CONH 2 only when J is Z-Leu or Z-Leu-Gln-Glu-Lys-Glu-Arg-Asn-Lys-GIy. 
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This invention relates to novel polypeptides having potent gastrointestinal motor inhibitory activity useful 
in the treatment of conditions characteriz d by elevated plasma motilin levels such as infectious diarrhea and 
Crohn's disease. 

Motilin is a gastrointestinal linear polypeptide hormone which stimulates the gastric antrum, duodenum, 
and colon. Although its effects are not completely known, motilin plays a role in increasing gastric motility and 
stimulating pepsin output and may also be important in regulating the interdigestive myoelectric complex. Hu- 
man motilin has not yet been purified, but its immunologic properties strongly suggest that it is very similar 
to porcine motilin. Porcine motilin contains 22 amino acid residues and may be represented by the formula: 

10 20 
H-Phe-V*l-ProMle-Ptie-Thr*Tyr-Cly-Ctu-L»iJ*Cln-Ar9-Met-Ctn-Clu-Ly»-Clu-Arfl-A*n-Lyi-Cly-Cln-OH 

Porcine motilin has a hydrophobic region from positions 1 to 5, a hydrophilic region from positions 11 to 
22, and a connecting region from positions 6 to 10. Porcine motilin also has an a-helical secondary structure 
from residues 9 to 20 of the primary sequence [Khan et al., Biochemistry 29, 5743-5751 (1990)]. 

Administration of motilin to healthy human subjects accelerates intestinal transit time and enhances gas- 
tric emptying. In vitro, motilin stimulates contractions of human and rabbit duodenal smooth muscle strips and 
isolated gastrointestinal smooth muscle cells. In addition, motilin and some of its derivatives compete with ra- 
diolabelled motilin for binding sites on human and rabbit antral tissue suggesting that stimulation of specific 
receptors in the gastrointestinal tract is responsible for the physiological effects of the hormone. Infusion of 
motilin has been reported to stimulate the emptying of solids and liquids in patients with diabetic gastroparesis 
[Peeters et al., Gastroenterology 100, A480 (1991)]. In addition, motilin has been used to treat patients with 
paralytic ileus caused by carcinoma of the gastrointestinal tract [Meyer et aL, Med. Klin. 86, 515-517 (1991)]. 
Motilin has a relatively short half-life (TvO of 4.5 minutes in humans, Christofides etal., Gastroenterology 76, 
903-907 (1979), which makes it necessary to administer the hormone by continuous infusion to induce a ther- 
apeutic effect 

The N-termina! amino acid sequence and certain residues of the mid-portion of motilin are essential for 
contractile activity, [Macielag et al., Peptides 13, 565-569 (1992); Peeters et al., Peptides 13, 1103-1107 
(1992); Poitras et al., Biochem. Biophys. Res. Commun. 183, 36-40 (1992)]. Motilin-like polypeptides which 
have a shorter C-terminus, contain from 3 to 5 basic amino acids bonded from position 12, and have various 
amino acid substitutions at positions 1 through 11 have been reported to have activity less than, or equal to, 
that of motilin. 

A motilin antagonist which displaces labeled porcine motilin in rabbit smooth muscle has been reported, 
"The Motilin AntagonistANQ-11125 Blocks Erythromycin-induced Contractions In Vitro", Peeters, T.L, Depoor- 
tere, I., Macielag, M.J., Dharanipragada, R. t Marvin, M.S., Florance, J.R., Vantrappen, G., Galdes, A., Gastro- 
enterology 1993, 104, A564. 

Although a clear correlation has not been established between hypermotilinemia and disease, elevated 
plasma motilin levels have been observed in clinical conditions associated with gastrointestinal hypermotility 
syndromes such as infectious diarrhea and Crohn's disease. This observation suggests that an agent which 
inhibits the interaction of motilin with its receptor would be useful in the treatment of the disordered intestinal 
peristalsis associated with these conditions. 

In addition, a motilin-like polypeptide having potent gastrointestinal motor inhibitory activity would be use- 
ful for the treatment of increased basal levels of gastrointestinal motor activity. 

This invention pertains to polypeptides having gastrointestinal motor inhibitory activity represented by the 
formula: 



R 1 -N-*CHCO-A-B-D-E-Thr-F-G-H-Leu-I-J-NH-*CHR 5 (1) 
*2 CH 2 R 3 ch 2 r 4 



including optically active isomeric forms and the pharmaceutical^ acceptable acid addition salts thereof where- 
in: 

A is the L-stereoisomer of a lipophilic aliphatic oralicyclic amino acid; 

B is selected from the group consisting of L and D aromatic, heteroaromatic, lipophilic aliphatic, and 
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alicyclic amino acids; 

D is the L-stereoisomer of a lipophilic aliphatic or alicyclic amino acid; 
E is the L-stereoisomer of an aromatic, aliphatic, or alicyclic amino acid; 
F is the L-stereoisomer of an aromatic or heteroaromatic amino acid; 
5 G is glycine or D-a(anine; 

H is L-glutamic acid or L-giutamine; 

I is L-glutamine, L-glutamic acid, or L-aianine; 

J is a direct bond between I and group -NH- or is sefected from the group consisting of Z, Z-Leu, Z-Leu- 
Gln, Z-Leu-GIn-Glu, Z-Leu-Gln-Glu-Lys, Z-Leu-Gln-Glu-Lys-Glu, Z-Leu-GIn-Glu-Lys-GIu-Arg, Z-Leu-Gin-Glu- 
10 Lys-Glu-Arg-Asn, Z-Leu-Gln-Glu-Lys-Glu-Arg-Asn-Lys, and Z-Leu-Gln-Glu-Lys-Glu-Arg-Asn-LysGly, wherein 
Z is selected from the group consisting of arginine, D-arginine, D-homoarginine, D-lysine, D-orriithine, D-2,4- 
diaminobutyric acid, D-glutamine, D-asparagine, and D-alanine; 

R t and R 2 are independently hydrogen or lower-alkyl; 

R 3 is selected from the group consisting of lower-alkyl, cycloalkyl, substituted and unsubstituted aryl, 
15 and heteroaryl, wherein the aryl group may be substituted with one or more substituents selected from the 
group consisting of halogen, hydroxy, and lower-alkoxy; 

R4 is selected from the group consisting of -CH 2 CONH 2 , aminoaikyl groups containing from 1 to 3 carbon 
atoms, and guanidinoalkyl groups containing 2 or 3 carbon atoms; 
R 5 is-COOHor-CONH 2 ;and 
20 the symbot * represents an asymmetric carbon atom which may be in the D or L configuration, 

and each lower-alkyl group contains from 1 to 4 carbon atoms, with the proviso that R4 is -CH 2 CONH 2 only 
when J is Z-Leu or Z-Leu-GIn-Glu-Lys-Glu-Arg-Asn-Lys-GIy. 

The novel polypeptides of the present invention are distinct from motilin and yet inhibit the interaction of 
motilin with its receptor thereby preventing the peristaltic effects of the hormone on gastrointestinal tissue. 
25 The motilin-like polypeptides contain an aromatic, heteroaromatic. lipophilic aliphatic, or alicyclic amino acid 
residue, which is preferably D-phenylaianine or L-phenylalanine, in place of proline at position 3 to inhibit the 
interaction of motilin with its receptor. The polypeptides of the present invention are therefore useful as inves- 
tigative tools for probing membrane-bound motilin receptors and are useful in the treatment of conditions char- 
acterized by a increased basal level of gastrointestinal motor activity such as infectious diarrhea and Crohn's 
30 disease. 

This invention pertains to novel polypeptides having potent gastrointestinal motor inhibitory activity as well 
as to methods for treating a condition of increased basal level of gastrointestinal motor activity in a mammal, 
particularly a human. The methods comprise administering to the mammal an amount, therapeutically effective 
to relieve such condition, of a polypeptide represented by formula (1): 

35 

^1 2 3 4 5 6 7 8 9 10 11 12 

Rl-N- CHC0-A-B-D-E-Thr-F-G-H-Leu-I-J-NH-*CHR 5 (1) 

I I I 
40 R 2 CH 2 R 3 CH 2 R 4 

including optically active isomeric forms and the pharmaceutical^ acceptable acid addition salts thereof. In 
formula (1), the symbol * represents an asymmetric carbon atom which may be in the D or L configuration, 
and each lower-alkyf group contains from 1 to 4 carbon atoms, providing that R4 is -CH 2 CONH 2 only when J 
45 is Z-Leu or Z-Leu-Gln-Glu-Lys-Glu-Arg-Asn-Lys-Gly, Groups A through J and Rj through Rq are defined as 
set forth below. 

The novel compounds of the present invention defined by Formula (1) are polypeptides which may be from 
12 to 22 amino acids in length, and preferably are 12, 14, 16, 18, 20, or 22 amino acids in length. The stereo- 
chemistry of the constituent amino acids of the novel polypeptides is an essential feature of this invention. 

so The absolute stereochemistry of the individual amino acids is L, unless otherwise noted, except for position I 
(the amino-terminal amino acid, (Ri) m (R 2 )(R 3 )N-*CH(CH 2 R4)CO-) which may be L or D, position 3 (Group B) 
which may be of L or D, position 8 (Group G) which may be glycine or D-alanlne, position 12 which may be L 
or D, and the C-terminal amino acid position, -NH-*CH(CH 2 R4)R 5 , which may be L or D. 

The following abbreviations employed throughout this specification are defined as set forth below: 

55 phe - phenylalanine 
Tyr- tyrosine 
Nle - norleucine 
Leu - leucine 
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Cha - p-cyclohexylalanine 

Val - valine 

He - isoleucine 

Gly - glycine 
5 Ala - alanine 

Glu - glutamic acid 

Gin -glutamine 

Arg - arginine 

h-Arg - homoarginine 
10 Orn - ornithine 

Dab - 2,4-diaminobutyric acid 

Lys - lysine 

Asn - asparagine 

Me - methyl 
15 Boc - f-butyloxycarbonyl 

Cbz- benzyloxycarbonyl 

Dhbt - 3 f 4-dihydro-4-oxobenzotriazin-3-yl 

Fmoc- fluorenylmethyloxycarbonyl 

Mbh - 4,4-dimethoxybenzhydryl 
20 Mtr - 4-methoxy-2 l 3,6-trimethylbenzenesulfonyl 

Pfp - pentafluorophenyl 

Trt-trityl 

BOP- benzotriazolyloxy-trisdimethylaminophosphonium hexafluorophosphate 
DCC - N'.N -dicyclohexylcarbodiimide 
25 DCM - dichloromethane 

DIC - diisopropylcarbodiimide 
DIEA- diisopropylethylamine 

EDCC - N-diethylaminopropyl-N'-cyclohexylcarbodiimide 

HBTU - 2-(1H-benzotriazoI-1-yI)-1,1 t 3,3-tetramethyluronium hexafluorophosphate 
30 HEPES - (N-[2-hydroxyethyl]piperazine-N'-[2-ethanesuffonic acid]) 

HMPA- hydroxymethylphenoxyacetoxy 

HOBt- 1-hydroxybenzotriazole 

MBHA- 4-methyibenzhydryiamino 

PAM - hydroxymethylphenylacetamidomethyl 
35 PyBrOP - bromo-tris-pyrrolidino-phosphonium hexafluorophosphate 

DMF - N ( N-dimethylfqrmamide 

NMM - N-methylmorphoIine 

NMP - N-methylpyrrolidinone 

TCA- trichloroacetic acid 
40 TEA - triethylamine 

TFA- trifluoroacetic acid 

TFMSA- trifluoromethanesuifonic acid 



45 Position 1, the amino-terminal amino acid, 

(Ri)(R 2 )N>CH(CH 2 R 3 )CO- 
The amino acid in the amino-terminal portion of the polypeptide, (R 1 )(R 2 )N-*CH(CH 2 R 3 )CO- f in position 1 
may have the L or D configuration. R t and R 2 may be independently selected from the group consisting of hy- 

so drogen and lower-alkyl. The amino-terminal portion may be unsubstituted, in which case R 1 and R 2 are hydro- 
gen. The term "lower-alkyl", as used herein, refers to straight- and branched-chain hydrocarbon radicals con- 
taining from 1 to 4 carbon atoms. Examples of suitable lower-alkyl groups for and R 2 are methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl, and sec-butyl, preferably methyl. Preferably, the amino-terminal amino acid is N-sub- 
stituted, and the preferred substituents are one or two methyl groups. 

55 . R 3 is selected from the group consisting of lower-alkyl, cycloalkyl, substituted and unsubstituted aryl, and 
heteroaryl, wherein the aryl group may contain one or more substituents selected from the group consisting 
of halogen, hydroxy, and lower-alkoxy. Preferred substituted and unsubstituted aryl groups are phenyl, p-flu- 
orophenyl,p-chlorophenyl,/>bromophenyl,p-lodophenyl,p-hydroxyph nyt.p-methoxyphenyl, 1-naphthyl,and 
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2-naphthyl. Preferred heteroaryi groups are 3-indolyl, 2-thienyl, and 3-pyridyl. Preferred cycloalkyl groups are 
cyciopentyl, cyclohexyl, and cycloheptyl. Pref rably, R3 is selected from the group consisting of methyl, ethyl, 
n-propyl, /so-propyl, n-butyi, cyclohexyl, phenyl, p-fluorophenyl, p-chlorophenyl, p-bromophenyi, p-iodophe- 
nyl, p-hydroxyphenyl, p-methoxyphenyl, 1-naphthyl, 2-naphthyl, 3-indoIyl, 2-thienyl ( and 3-pyridyl. More pre- 

5 ferably, R3 is selected from the group consisting of phenyl and cyclohexyl. Examples of the amino acid residues 
from which (R 1 )(R 2 )N-*CH(CH 2 R3)CO- may be derived are phenylalanine, p-fluorophenylalanine, p-chlorophe- 
nylalanine, p-bromophenylalanine, p-lodophenylalanine, tyrosine, p-methoxyphenylalanlne, 1-naphthylala- 
nine, 2-naphthylalanine, tryptophan, p-2-thfenylalanine, p-3-pyridylalanine, a-aminobutyric acid,, norvaiine, 
norleucine, leucine, and cyclohexylalanine. For compounds having high levels of gastrointestinal antiperistaltic 

10 activity, the preferred amino-terminal amino acids are L-phenylalanine, D-phenylalanine, L-cycIohexylalanine, 
and D-cyclohexylatanine. 

Position 2, Group A 

15 Group A in position 2 of the polypeptide is an amino acid which is the L-stereoisomer of a lipophilic aliphatic 

or alicyclic amino acid such as valine, isoleucine, leucine, norvaiine, norleucine, and cyclohexylalanine. The 
. preferred Group A amino acids are L-vaiine, L-leucine, and L-lsoleucine. 

Position 3, Group B 

20 

Group B in position 3 is an amino acid which may be of the L or D configuration and is any of several ar- 
omatic, heteroaromatic, lipophilic aliphatic, and alicyclic amino acid residues. These amino acid residues may 
be derived from the group including phenylalanine, p-fluorophenylalanine, />-ch!orophenylalanine, p-bromo- 
phenylalanine, p-iodophenyialanine, tyrosine, p-methoxyphenylalanine, 1-naphthyialanine, 2-naphthylala- 
25 nine, tryptophan, p-2-thienylaIanine, p-3-pyridylaianine, a-aminobutyric acid, norvaiine, norleucine, leucine, 
and cyclohexylalanine. For compounds having high levels of motilin receptor antagonist activity, the preferred 
Group B amino acids are D-phenyialanine and L-phenylalanine. In the def inition of Group B, proline and alanine 
are not included within lipophilic aliphatic amino acids. Proline and alanine in position 3 do not yield polypep- 
tides having antagonist activity. 

30. 

Position 4, Group D 

Group D in position 4 is an amino acid which is the L-stereoisomer of a lipophilic aliphatic or alicyclic amino 
acid such as isoleucine, valine, leucine, norvaiine, norleucine, and cyclohexylalanine. The preferred Group D 
35 amino acids are L-isoleucine, L-leucine, and L-cyclohexylalanine. 

I 

Position 5, Group E 

Group E in position 5 is an amino acid which is the L-stereoisomer of an aromatic, aliphatic, or alicyclic 
40 amino acid such as phenylalanine, p-fluorophenylalanine, p-chlorophenylalanine, p-bromophenylalanine, p-io- 
dophenylalanine, tyrosine, p-methoxyphenylalanine, 1-naphthylafanine, 2-naphthylalanine, leucine, alanine, 
and cyclohexylalanine. The preferred Group E amino acids are L-phenylalanine, L-alanine, and L-cyclohexy- 
lalanine. 

45 Position 6, L-threonine 

The amino acid in position 6 is L-threonine. 

Position 7, Group F 

50 

Group F in position 7 is an amino acid which is the L-stereoisomer of an aromatic or heteroaromatic amino 
acid such as tyrosine, phenylalanine, p-methoxyphenylalanine, histidine.tryptophan, p-2-thienyialanine, and 
p-3-pyridylalanine. The preferred Group F amino acids are L-tyrosine, L-histidine, and L-phenylalanine. 

55 Position 8, Group G 

Group G in position 8 is an amino acid which is glycine or D-alanine, preferably glycine. 
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Position 9, Group H 

Group H in position 9 is an amino acid which L-glutamic acid or L-glutamine, preferably L-glutamic acid. 
5 Position 10, L-leucine 

The amino acid in position 10 is L-leucine. 
Position 11, Group I 

10 

Group I in position 11 is an amino acid which is L-g!utamine, L-glutamic acid, or L-alanine, preferably L- 
glutamine and L-alanine. 

Group J 

Group J may be a direct bond between Group I and the -NH- group or may be selected from the group 
consisting of Z, Z-Leu, Z-Leu-GIn, Z-Leu-Gln-Glu, Z-Leu-Gln-Glu-Lys, Z-Leu-Gin-GIu-Lys-Glu, Z-Leu-Gln-Glu- 
Lys-Glu-Arg, Z-Leu-Gln-Glu-Lys-Glu-Arg-Asn, Z-Leu-Gln-Glu-Lys-Glu-Arg-Asn-Lys, and Z-Leu- Gln-Glu-Lys- 
Glu-Arg-Asn-Lys-Gly, and preferably from the group consisting of Z-Leu, Z-Leu-Gln-Glu ( Z-Leu-Gln-GIu-Lys- 
20 Glu, Z-Leu-Gln-Glu-Lys-Glu-Arg-Asn, and Z-Leu-Gln-Glu-Lys-GIu-Arg-Asn-Lys-Gly. Group Z is an amino acid 
selected from the group consisting of arginine, D-arginine, D-homoarginine, D-lysine, D-ornithine, D-2,4-dia- 
minobutyric acid, D-glutamine, D-asparagine, and D-alanine, preferably selected from the group consisting of 
arginine, D-arginine, D-glutamine, and D-alanine. 

25 Position 12 

When Group J is a direct bond between Group I and the -NH- group, the polypeptide is a dodecapeptide 
and the amino acid in position 12 is the C-terminal portion, -NH-*CH(CH 2 R4)-R 5 , of the polypeptide wherein 
Ft* is an aminoalky! group containing from 1 to 3 carbon atoms or a guanidinoalkyl group containing 2 or 3 carbon 

30 atoms, preferably the latter. Preferred aminoaikyi groups are aminomethyl, 2-aminoethyl, and 3-amino-n-pro- 
pyl. Preferred guanidinoalkyl groups are N-2-guanidinoethyl and N-3-guanidino-n-propyl. Group R 5 is -COOH 
or CONH 2 , preferably -CONH 2 . Preferably, the amino acid in the C-terminal portion, -NH*CH(CH 2 R4)-R5, of 
the polypeptide in this embodiment is selected from the group consisting of arginine, D-arginine, lysine, D-Iy- 
sine, D-ornithine, D-2,4-diaminobutyric acid, and D-homoarginine, and more preferably is selected from the 

35 group consisting of arginine, D-arginine, lysine, and D-lysine. 

When Group J is not a direct bond between Group I and the -NH- group, the amino acid in position 12 is 
Group Z, as defined above. 

Position 13 

40 

When the polypeptide in the present invention is a tridecapeptide, the amino acid in position 13 is the C- 
terminal portion, -NH-*CH(CH 2 R4)-R5, of the polypeptide, may have the Lor D configuration, and may be se- 
lected from the group consisting of lysine, ornithine, 2,4-diaminobutyric acid, arginine, and homoarginine, pre- 
ferably L-iysine or D-lysine. 

45 When the polypeptide of the present invention is larger than a tridecapeptide, the amino acid in position 

13 is L-!eucine. 

Position 14 

so When the polypeptide in the present invention is a tetradecapeptide, the amino acid in position 14 is the 
C-terminal portion, -NH-*CH(CH 2 R4)-Rs, of the polypeptide, may hav the L or D configuration, and may be 
selected from the group consisting of glutamine, lysine, ornithine, 2,4-diaminobutyric acid, arginine, and hom- 
oarginine, and preferably is selected from the group consisting of L-lysine, D-lysine, L-glutamine, and D-glu- 
tamine. 

55 When the polypeptide of the present invention is larger than a tetradecapeptide, the amino acid in position 

14 of the polypeptide is L-glutamine. 
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Position 15 

When the polypeptide is a pentadecapeptide, the amino acid in position 15 is the C-terminal portion, -NH- 
*CH(CH 2 R4)-R5, of the polypeptide, may have the L or D configuration, and may be selected from the group 
5 consisting of lysine, ornithine, 2,4-diaminobutyric acid, arginine, and homoarginine, preferably L-lysine or D- 
lysine. 

When the polypeptide of the present invention is larger than a pentadecapeptide, the amino acid in position 

15 is L-glutamic acid. 

10 Position 16 

When the polypeptide is a hexadecapeptide, the amino acid in position 16 is the C-terminal portion, -NH- 
*CH(CH 2 R4)-Rs, of the polypeptide, may have the L or D configuration, and may be selected from the group 
consisting of lysine, ornithine, 2,4-diaminobutyric acid, arginine, and homoarginine, preferably L-Iysine or D- 
15 lysine. 

When the polypeptide of the present invention is larger than a hexadecapeptide, the amino acid in position 

1 6 of the polypeptide is L-lysine. 

Position 17 

20 

When the polypeptide is a heptadecapeptide, the amino acid in position 17 is the C-termina! portion, ~NH- 
*CH(CH 2 R4)-R6, of the polypeptide, may have the L or D configuration, and may be selected from the group 
consisting of lysine, ornithine, 2,4-diaminobutyric acid, arginine, and homoarginine, preferably L-lysine or D- 
lysine. 

25 When the polypeptide of the present invention is larger than a heptadecapeptide, the amino acid in position 

17 is L-glutamic acid. 

Position 18 

30 When the polypeptide is an octadecapeptide, the amino acid in position 18 is the C-terminai portion, -NH- 

*CH(CH 2 R4)-R6, of the polypeptide, may have the L or D configuration, and may be selected from the group 
consisting of lysine, ornithine, 2,4-diaminobutyric acid, arginine, and homoarginine, and preferably is selected 
from the group consisting of L-lysine D-Iysine, L-arginine, and D-arginine. 

When the polypeptide of the present invention is larger than an octadecapeptide, the amino acid in position 

35 1 8 of the polypeptide is L-arginine. 

Position 19 

When the polypeptide is a nonadecapeptide, the amino acid in position 19 is the C-terminal portion, -NH- 
40 *CH(CH 2 R4)-R5, of the polypeptide, may have the L or D configuration, and may be selected from the group 
consisting of lysine, ornithine, 2,4-diaminobutyric acid, arginine, and homoarginine, preferably L-lysine or D- 
lysine. 

When the polypeptide of the present invention is larger than a nonadecapeptide, the amino acid In position 
19 is L-asparagine. 

45 

Position 20 

When the polypeptide consists of 20 amino acids, the amino acid in position 20 is the C-terminal portion, 
-NH-*CH(CH 2 R4)-R S , of the polypeptide, may have the L or D configuration, and may be selected from the 
so group consisting of lysine, ornithine, 2,4-diaminobutyric acid, arginine, and homoarginine, and preferably is L- 
lysine or D-lysine. 

When the polypeptide of the present invention is larger than 20 amino acids, the amino acid In position 20 
of the polypeptide is L-lysine. 

55 Position 21 

When the polypeptide consists of 21 amino acids, the amino acid in position 21 is the C-terminal portion, 
-NH-*CH(CH 2 R4)-R Sl of the polypeptide, may have the Lor D configuration, and may be selected from the 
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group consisting of lysine, ornithine, 2 t 4-diaminobutyric acid, arginine, and honToarginine, preferably L-lysine 
or D-lysine. 

When the polypeptide of the present invention is larger than 21 amino acids, the amino acid in position 21 
is glycine, 

5 

Position 22 

The amino acid in position 22 of certain of the polypeptides of this invention is the C-terminal portion, - 
NH-*CH(CH 2 RO-R 5 , of the polypeptide, may have the L or D configuration, and may be selected from the group 
10 consisting of glutamine, lysine, ornithine, 2,4-diaminobutyric acid, arginine, and homoarginine, and preferably 
is selected from the group consisting of L-lysine, D-lysine, L-glutamine, and D-glutamine. 

The C-terminal amino acid, -NH-*CH(CH 2 R4)R S 

15 The residue present in the C-terminal position, -NH-*CH(CH 2 R4)-R 5 , of the polypeptides of this invention 
is an amino acid with a C-terminal carboxylic acid derivative Rs, wherein R5 is -COOH or-CONH 2 , preferably 
-CONH 2 . R4 is as defined above. 

The term "cycloalkyl", as used herein, means cyclic hydrocarbon radicals containing from 5 to 7 carbon 
atoms. Examples of suitable cyclic hydrocarbon radicals are cyclopentyl, cyclohexyl, and cycloheptyL The term 
20 "halogen" as used herein, includes all four halogens with chlorine being preferred. 

In a preferred embodiment, the compounds of the present invention are selected from the group consisting 

of: 

H-Phe*V»l-Phe-ne-Phc-Thr-Tyr-Cly-Ctu-Leu-Cln-Arg*Lcu-Cln-tys-Clu-ArB-A$n-Lys-Cly-Ctn-OH; 

25 

H-Pht-Vil-Ph*-rie-Phc-ThP-Tyr-Cly-Clu-Lto-Cln-Arg-Leu*Cln'Lys-Clu-Arg-A*n-tys-Cty-Cln-NH2; 
H-phe-Val-D-PheMlt-Pht-Thr-Tyr-Gly-Glua^ 

H*Ph«*Vil-0-Phe-!le-Phe-Thr-Tyr-Cly-Cluatu-Cln-Arg-Leu-Ctn-Lyi-Clu*Arg-Atn-Lyi-Cly*Cln*NH2; 

30 

H-Ph«-V«l-Ph«-Ile-Ph»-Thr-Tyr-Cly-CLu-Leu-Cln-Arg-NH2; 
K-Pht-Vil-Phfllt-Ptit-Thr-Typ-Cly-Clu-Lto-Ctn-Arg-Lea-Cln-OH; 
(«-M«)-Phr-V»l-Ph«-llt-P#i*-Thr-Tyr-Cly-Clu-LeiJ-Cln-Arg*L«U'Cln-OH; 
35 (Ht2«)-ph«*Val-Phe-ne-Phe-Thr-Tyr-Cly-Clu-Leo-Cln-Arg-Leu-Gln-0H; 

H-Pht-Val-p-I-Ph*-nt-Ph»-Thr-Tyr-Cly-Clu-t»<j-Gln-Arg-Ltu-Cln*0«; 

H-Phe-Vtl-LeoMle-Phe-Thr-Tyr-Cly-Ctu-L«u-Cln-Arg-LwCln-OH; 

K-Phe*Val-Th«-Me-Phe-Thr-Tyr-Cly-Clu-LetJ-CLn-Arg-Leu-Ctn-OH; 

40 

N-Phe-Val-Chj-Ilt-Pht-Thr-Tyr-Cly-Clu-Lto-Cln-Arg-Leu-Cln-OK; 
H-Ph«-Vtl-2-«it-n«-Phe-Thr-Tyr-Cly-Clu-teu-Cln-Arg-Leu-Ctn-0H; 
H-Ph«-Vtl-D-Phe-Ut-Phe-Thr-Tyr-Cly-Clu-LeiJ-Cln*Arg-Leu-Cln-OH; 
45 H-Phe-V*l-Ph*-ttu-Phe-Thr-Tyr-Cly-Clu-LtiJ-Ctn-Arg*Leu-Cln-OH; 
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H-Wie-V*l-Pht-Ile-Ch«-Thr-Tyr-Cly-Clu-Leu-Cln-ArQ-Leu-Cln-OH; 

H-Ph€-V«(-Phe-ne-Ala-Thr-7yr-Gly6lu-Leu-Cln-Apg-Leu-cln-OH; 

M-Ptit-Vil-Pht-IU-ft*«-Thr-Wie-Cly-Clu-Ltu-Cln-Arg-leu*Cln-OH; 

H-Pht-V«l-Phe-He-Phe-ThP-Typ-0-Ati-Clu-L«<J-Cln-ArQ-Leu-Cln-OH; 

H-Phe-Vil-Phe-Ue-Phe-Thr-Tyr-Cty-Cln-Leo-Cln-Arg-Leti-Cln-OH; 

«-Ph«-V«l-Phe-!l«-Phe-Thr-Tyr-Cly-Clu-Leu-AlB-Arg-Leu-Cln-OH; 

H-Pht-Ltu-Wie-Ile-Ph»-Thr-7yr-Cly-Ctu-ltu-Cln-Arg-Leu-Cln-OH; 

H*Ph«-Val-Pht-lU*Ph»-Thr-Tyr-Cty-ClU'Leg-Cln-Arg-LetJ-Cln-HH2; 

(«-K«)-Phe-Vfl-Phe-H*-Phc-Thr-Tyr-Cly-Ctu*Leu*Cln-Arfl-L*u-cin-NK2; 

(M«2«)-Phe-V*l-Ph«-!l«-Pf\e-Thr-Tyr-Cly-Clu-Lcu-Cln-Arg-Leu-Cln-WH2; 

M-Phe-Vil-p-I-Pt»e-Ile-«ie-Thr-Tyr-Cly-Clu-Leo-Gln-Arfl-Leu-Cln-MH2; 

H-Phe-V«l-Le\j*Ile-Phe-Thr-Tyr-Cly-Clu-Lcu-Cln-Arg-Leu-Cln-NH2; 

H-Phe-Vtl-Th(-Ile-Phe-Thr-Tyr-Cly-GLu-Leu-Cln-Arg-Leu-Cln-NH2; 

H-Ph«-V«l-Ch**He-Phe-Thr*Tyr-Cly-Clu-Leo*Cln-Arg-Leu-Cln-WK2; 

K-Phe-Vil-2-«il-Il«-Phe-Thr-Tyr-Cty-Ctu-Leu-Cln-Arg-Leu-Cln*NH2; 

K-Phe-Vil-D-Phe-Me-Phc-Thr-Tyr-Cly-Clu-Lcu-Cln-Arg-Leu-Cln-MH2; 

H-Phe-Val-Phe-L«j-Ph«*Thr-Typ-Cty-Clu-Leu-Cln-Arg-Leu-Cln-NK2; 

H-Phe-V«l-PhfUt-Ch*-Thr-Tyr-Cly-Clu-Leu-Cln-Arg-Leu-Cln-MH2; 

H-Phe-Vfit-Phe-Ite-Al«-Thr-Tyr-ClyCtu-Leu-Cln-Arg-Leu-Gtn-NH2; 

K-Phe-V*l-Phe-Ile'Phe-Thr-Phe-Cly-Glu-Leu-Gln-Arg-Leu-Gln-NK 2 ; 

N-Phe-V«l-Phe-Ile-Phe-Thr-Typ-D*Ala-Clu-teu-Gln-Arg-Leu-Gln-«H2; 

H-Phe-V«l-f>he-ne-Phe-ThP-Tyr-GtyGln*Leu-Gln-Arg.Leu-Cln-WH2; 

H-Phc-Vil-Phe-Ile-Phe-Thr-Tyr-Gly-Gtu-Leu-Ala-Arg-Lcu*Cln-MH2; 

K-Phe-L«u-Ph«-IlfPh«-Thp-Typ-Cly-Glu-leu-Gln-Arg-t.eu-Ctn-WH2; 

K-Phe-V*l-Phe-lle-Phe-ThP-Tyr-Cty-Glu-Leu-Gln-Arg-Leu-Lys-«K2; 

H-0-Phe-V«t-Ph#-Ile-Phe-Thr-Tyr-Gly-Clu-L*u-Gtn-Arg-l.eo-Gin-OH; 

K-Ch»-V«l-Phe-!le-l>h**ThP-Tyr-Cly*Clu-LtiJ-Cln-Arg-Lcu-Gln-OH; 

H-Ph»-V«l-Pil-lU-Phe-Thp-Typ-Gly-Clu-L»o*Gtn-ArB-Leu-Gln-OH; 

«-0-Phe-V«l-Ph«-Ilt-Phe-Thr-Tyr-Gly-Clu-Lcg-Cln-Arg-Leu-cln-«H2; 

H-Ch«-Vtl-Pf\i-|l«-fh«-Thr-TyT-Gty'Glu-Ltu-Gln*Arg-LetJ-Cln-KH2; 

H-Phc-V«l-P*l*Ile-Ph*-Thr-Typ-GLy-Glu-L«u-Gln-Arg-L»ij-Cln-MH2; 

«*PH«-V«l-Ph«-j|«-PHe-Thr-Typ-CLy-Glu-L«urCln*ArQ-Leu-0-Gln-«H2; 

M-PH«-Val*D-Ph*-n»-Phf-Thp-Typ-Cly-Clu-L«;-Ctn-Arg-HH2; 

H-Pti«-V*l-0-Pht-!lt-Nie-Thp-Tyr-Cly-Glu-Leu-Cln-Arg-Leo-Gln-OH; 

(M-K«)-Ph«-V«l-0-Ph«-n#-Ph#-Thr-Typ-Cty-Clu-Leu-Gln-Arg-Leu-Cln-O«; 

(H«2M)-Ph«*Vit-D-Phfn«-Phe-Thp*Tyr-Gly-Glu*Leu-Gtn-Arg-leu-Gln-OH; 

H*Ptie-V«l-0-Phe-LwPhe-Thr-Tyr-GlyGlu-Leu-Cln-Arg*Leu*Gln-OH; 

H-Phe-Vi[-0-Phf-n*-Chi-Thp-Typ-GtyGlu-Ltu-Gln-Arg-Leu-Gln-OH; 

H-P^*-V«l-0-Pftt-Ilt-AU-Thp-Tyr-ClyGlu-Ltu-Cin-Arg-Le4J-Gla-OH; 
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H-Phe-V«l-D-Phe-Ite-Phe-Thr-Phe-Cly-Clu*L*u-Cln-Arg-L»o-Cln-OH; 

H-Phe-V.L-O-Phe-Ile-Phe-Thr-Tyr-D-Ali-Clu-Leu-Cln-Apg-teu-Ctn-OH; 

M-Phe-Vil-0-Wie-Ile-Phe-Thp-Tyr-C(y-Cln*teu-Cln-Apo-Leu-Ctn-OH; 

H-Phc-V«l-D-Ph«-H*-Ph*-Thr-Typ-Cty-C(u-tei/-Al«-Ar fl -Leu-Cln-OH; 

H-Phe-L«u-D-Phe-Ilt-Pht-Thr-Tyr-Cly-Clu-L*u-Cln-Arg-Hu-Ctn-OH; 

M-Phe-Vit-0-Ptie-Ile-Phe-Thr*Tyr-Cly-Clu-teu*Cln-Arg-Leu-Ctn-NH2; 

(N-He)-Phe-V*l-0-Phe-Ue-Phc-Thr-Tyr-Cly-Glu-Leu-Cln-Ar9-Leu-Cln-NH2; 

(M«2N)-l^e-V«l-0-(>heMle-Phe-Thr-Tyr-Cly-Ctu-Ltu-Cln-Arg-Lcu-cin-MH2 ; 

H-Phe-V»l-0-Pht-Ltu-Phe-Thr-Tyr-Cly-Clu-Leu-Cln-Arg-Ltg-Ctn-NK2; 

K-Phe-V«t-D-Phe-Ile-Ch«-Thr-Tyr-Cly-Clu-Lcu-Cln-Arg-Leu-Cln-MH2; 

H-Phe-Vtl-0-Ph«-Ile-AU*Thp-Tyr-Cly-Clu-Leu-Gln-Arg-Leu-Cln-MH2; 

H-Phe-Vil-D-Phe-Ile-Ph«-Thp-Phe-Cly-Ctu-Leu-Cln-Arg-Leij-Gtn-NH2; 

H-Phe-Val-0-Phe-I[e-Phe-Thr-Tyr-0-AI«-Ctu-Leu-Gln-Arg-Leu-Gtn-HH2; 

H-Phe-V«l-0-Phe-ne-Phe-Thr-Tyr-Gly-Gln-Leu-Gln*Arg-Leu-Gln-MH2; 

H-Pht-Vfll-D*Phc-nc-Ph«-Thr-Tyr-GlyGlu-Leu-Ata-Arg-Leu-Gln-NH2; 

H-Phe-leu-p-Phe-ne-Phe-Thr-Tyr-Gly-Clu-Uu-Gln-Arg-Leu-Gln-MH2; 

H-Phe-V«t-D-Phe-ne-Phe-Thr*Tyr-Gty-Clu*Leu-Gtn-Arg-Leu-Lys-NH2; 

H-D-Phe-VBt-0-Phe-!le-Phe-Thr-Tyr-GlyGlu-teu-Gln-Arg-ieu*Gln-OH; 

H-Cha-Val-D-Phe-He-Phe-Thp-Tyr-Gty-Glu-Leu-Gln-Arg-Leu-Gln-OH; 

H-Phe-V«l-P«l-Ile-Ph«-Thr-Tyr-Cly-Clu-Leu-Gln-Arg-Lcu-Gtn-OH; 

H-D-Phe-Vfll-0-Phe-nt-Phe-Thr-Tyr*Gly-Glu-Lcu-Gln-Arg-Leu-Cln-«H2; 

H-Chi-V»l-0-Phe-Ile-Phe-Thr-Tyr-GlyGlu-Leu-Gtn-Arg-L^Gln-NH2; 

H-Phe-V*l-P«l-Ile*Phe*Thr*Tyr-Gty-Glu-Leu-Gln-Arg-Leu-Gtn-NH2; 

H-Phe-V«l-D-Phe-ne-Phe-Thr-Tyr-Gly-Glu-Leu-Gln-Arg-Le^-D-Gtn-HH2; 

(N-Me)-Phe-Vol-0*Phc-Ilf-Phe-Thr-Tyr-Cly-Glu-Leu-Gln-Arg-Lcu-D-Gln-NH2; 

<He2N)*Phe-Vil-0-Ph*"]lt-Phc-Thr-Tyr-Gly-Glu-leu-Ctn-Arg-Leu-D-Gtn-«H2; 

(H-HO-Phe-Vil-Phe-Ue-Phe-Thr-Tyr-GlyGlu-Uu-Gln-Arg-L«u-0-Gtn-«H2; 

(«e2«)-Mit.V«l-Phe-ne-Phe-Thr-Tyr-Gly-Glu-Leu-Gln-Arg-Leu-D-Gtn-MH2; 

<K-M«)-pfie-Vtt-0-PheMlt-Phe-Thr-Tyr-Gly-Glu-Leu-Gln-0-Arg-LetJ-Ctn-NH2; 

(He2K)-Ph*-V*l-D-Ph*-U«-Phe-Thr-Tyr-Cly-Clu-Leu-Gtn-D-Arg-L«o-Cln-«H2; 

(N-K«)-phe-V«l-rt*-ne-Phe-Thr-Tyr-GlyGlu-Leu-Gln-D-Arg-Leu-Gln-HH2; 

<^2*>-Phe-Vil-Phe*Ut-Phe-Thr-Tyr-ayGiu-L^^ 

<H-*O-Ph«-Val-0-Ph*Mlt-Pfce-7hr-ry^ 

<H«2*<)-P^*-Vil-0-Phe-lle-Phc-Thr-Tyf-Gly-Glu-Leu-Gln-Arg-Leu-Lyi-«H2; 

(W-Me)-Phe-Vil-Phe-Ile-Ph«-Thr-Tyr-Gly-Glu-Lcu-Gtn-Arg-Leu-Ly3-WH2; 

(Me2«>-Phe-Vil*Phe-n«-Phe-Thr-Tyr-GtyGlu-Leu-Gln-Arg-Leu-Lys-KH2; 

(M-Hc)-Phe-Vil-0-Phe-lle'Phe-Thr-Tyr-GlyGlu-Leu-Gtn-0-Arg.Leu-Ly«-NH2; 

<Me2*i)-Ph<-V«l-D-Phe-U«-Phe-Thr-Tyr-GtyGlu-Leu-Gln-0«Arg-Leu-Ly«-«H2; 

(K-He)'Phc-Vil-PhfIlf-Phe-Thr-Typ-GlyGlu-Leu-Gln-0-Arg-Leu-Ly«-«H2; 
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<Me2N)-Phe-Vftl-Phe-ne-Phe-Thr-T>T-ClyC(u-Leu-CIn-0-Apg-icu-Ly»-«H2; 

(N^e)-Phe-V«l-0*Ph*-IU-PhfThr-Tyr-Cly-Clu-Leu-Cln-ArB-Leu-D-Ly«'HH2; 

(K«2W)-Phe-Val-0-PtifIle-Pht-Thr-Tyr-Cly-Clu-Leu-Ctn-ArB-Leu-0-ty»-MH2; 

(«-»4«)-Ph«-Vat-Ptve-n«-Pht-Thr-Tyr-Cly-C[u-Leu-Cln-Arg-Leu-0-Lyt-KH2; 

{Nt2N)-Phe-Vil-Pht-lU-Pht-Thr-Tyr-ClyClu-Leu-Cln-Arg-Leu-D-Ly»-WH2; 

(il-»e)-Phe-Vtt-0-Phf-nt-Phe-Thr-Tyr-Cly-Clu-Leu-Cln-0-Arg-Leu-D-Ly«-KM2; 

(M€2**)-Phe-Vtl-0-Ph«-!t«-Phe-Thr-Tyr-Cly-Clu-Leu-Cln-D-Arg-Leu-D-Lyi-«H2; 

(«-IU)-Ph«-V«l-Ph«-ne-Phe-Thr-Tyr-Gly-Clu-Leu-Cln-O-Ar0*Leu-O-Lyt-WH2; 

<««2»')-Phe-V«l-Ptie-Il«-Phe-Thp-Tyr-Cly-Ctu-Leu-Cln-0-Arg-Leu-D-Lyi-MH2; 

(N-Jle)-Phe-V»l-D-Pht-Itt- Phe-Thr-Tyr-Cly-Clu-Leu-Cln-0-Apg-Leo-0-Cln-«H2; 

<Me2W)-Phe-V»l-D-Ph«-Ilt-Ph«-Thp-Typ*Cly-Gtu-Leu-Cln-D-Ar9-Ceu-D-Cln-«H2; 

(M-«€)-Phe*ViL-Phe-Ile-Phe-Thr-Tyr-Cly-Glu-Leu-Cln-D-Arg-Leu-0-Cln-WH2; 

(Hc2H)-Phe-V«l-Phe-Ile-Phe-ThP-Tyr-Cly-Ctu-Leu-Cln-D-Apg-Leu-0-Cln-HH2; 

(M-Me)-Ph«-Val-0-Phe-n«-Phe-Thr-Typ-Cly-Glu-Leu-Ala-Apg-Leu-Ctn-«H2; 

<Nc2N)-Phe-Val-0-Phe-ne-Phe-.Thp-Tyr-Cty-Clu-Leu*Ala*Arg-Leu-Gln-NH2; 

<«-He)-Phe-Val-Phe-Ite-Phe-Thp-Tyr-Gty-Glu-Leu-Ala-Arg-leu-Cln-NH2; 

(Mc2W)-Phe-Val-Phe-He-Phe-Thr-ryr-Gly-Clu-Leu-Alfl-Apg-Leu-Gln-HH2; 

(«-Ke)-Phe-Val-0-Phe-It«-Phe-ThP-Tyr*Cly-Gtu-Leu-Ata-Apg-Leu-0-Gln-NH2; 

<Mc2H)-Phe-Val-0-Phe-Ile-Phe-Thp-Typ-Cly-Gtu-Leu-Ala-Ars-Leu-D-Cln-«H2; 

(«-Mc)-Phe-Val-Phe-Ue-Phe-Thr-Tyr-Gly-Clu-Leu-Ala-Apg-Leu-0-Gln-«H2; 

(Me2N)-Phe-Val-Ph*-n»-Phe-Thr-Typ*Gly-Clu-Leu-Ala-Ar9-Leu-D-Cln-«H2; 

(M-Me)-Phc-Val-D*Phe-]le-Phe-Thr-Typ-Cly-Glu-Leu-Ale-0-Arg-Leu-Gln-«H2; 

<Me2 M )-^e-Val-0-PhfIU-Phe-Thp-Tyr-Gly-Ctu-Lcu-Al«-D-Arg-Leti-Gln-«H2; 

(H-K«)-Phe-Vat-Ph«-ne-Phe-Thr*Tyr-Cly-Glu-leu-Ala-D-APff-Leu-Cln*NH2; 

(Me2*()-P+>e-V»l-Pht-M«-Phe-Thp-Tyr-Cty-G(u-Leu-Ala-0-Arg-Leu-Gln-WH2; 

(«-He)-Phe-Val-0-Phe-!le-Phe-Thr-Tyr-Gly-Glu-Leu*Ala-0-Apg-Leu-D-Gln-«H2; 

<H«2»<)-P^e-Val-0-Ph*-Ile-Phe-Thr-Typ-Gly'Clu-Leu-Ala-D-Apg-Leu-O-Gln-MH2; 

(M-*k)-Ph«-Val-Pht-Ue-Phe-Thr-Tyr-Gly-Glu-Leu-Ale-D-Arg'Lcu-D-Cln-«H2; 

<H«2N)-Ph«-Val-Ph«-n»-Phe-Thr-Tyr-Gly-Gtu*LeiJ-Altt-0-Arg-Leu-D-Gln-KH2; 

<H-He)-f > h*-V«l-0-Phe-lU-Ph*-Thr*Tyr-Gly-Glu-Leu*Ala-0-Arg-L»u-Ly«-KH2; 

<He2«)-Ph«-Val-D-Phe-Ile-H»*-Thp-Tyr-Cly-Giu-Lcu-Ali-0-Arg-Leu-ly«-WH2; 

<K-H«)-P^e-Val-Ph*-rit-rK«-Thr-lyr-Cly-Clu-LetJ-Ala-D-Apg-Leu-ty«-NH2; 

<H«2*l)-Phe-Val-Phe-M«-Phe-Thr-Tyr-Cly-Gtu-LeiJ-Al«-D-Arg-Leo-Lyi-«H2; 

(«-W«)-Phe*V«l-D-Pht-Ilt-Phe-Thr-Tyr-Gly-Glu-Lcu-Ali-0-Arg-Leu-D-Ly»-«H2; 

(Me2«)-Ph»-Val-0-Phe-llf-Ph*-Thp-Typ-Gly-Glu-Leu-Ali-D-Arg-Leu-0-tyi-NH2; 

<«*M«)-Ph«-Vil-Phc-Ile-Phe-Thr-Typ*G(y-Gtu-Leu-Ala-D-Apg-Leu-0-Lyi-WH2; 

<M#2«)-Phc-Val-Mit-Ma-PhfThp-Tyr-Gly-Gtu-Leu*AU-0-Arg.Leu-0*lyfWH2; 

<N-M«)-Ph«-Val*0-Ph*-llt*Pht-ThP*Typ-GlyClu-Leu-Gln-Apg-WH2; 

<Ha2«)-Pht-Val-0-Ph€-nt-Phe-Thp-Typ-Gly-Gtu-Leu-Cln-Arg-NH2; 
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<N-K«)-Phc-V«l-Phe-IlfPhe-Thr-Tyr-Cly-Ctu-Leu-Cln-AP9-«H2; 

<K«2«)-PhfVil-l>ht-Jl«-Phe-Thr-Tyr-Cly-Clu*Leu-Gln-Arfl-HH2; 

(H-tk)-Phe-V«l-0-Ph«-U*-Ph«-Thr-Tyr-Cly-Cln-Leu-Al»-Aro-«H2; 

(Ke2H>-Phe-Vit-D-Phe-Ile-Hie-Thr-Tyr-Cly*Cln-Leu-Ala-ArB-«H2 

(«-H*>-Phe-Vil-Phe-IU-Phe-Thr-Tyr-Cty-Cln-Leu-Ala-Apg-kH2; 

(H«2K)-Ph«-V«l-Phe-Ilt-Phe-Thr-Tyr-Cly-Ctn-Leu-Ala-ArB-NH2 

(M-M«)-Phe-Vil-D-Phe-IU-Phe-Thr-Tyr-Cly-Clu-Leu-Gln*0-Arfl-NH2; 

(«e2K)-Pht-V«t-0-Phe* I lt*Phe-Thr-Typ-Cly-Glu-Leu-Ctn-0-Arg*HH2; 

(M*M«)-Phe-V*l-Phe-Itt-Pht-Thr-Tyr-GlyGlu-Leu-Gln-0-ArQ-NH2; 

(««2*<)-Phe-Vil-Ph^Ilt-Ph*-Thr-Tyr-Gly-Ctu-Leu-Gln-D-Aro-«H2; 

<M-H*)-Ph*-V«l-D-Pht-ile-Phe-Thr-Tyr-Gly-Glu-Leu-Ali-0-Ar9-KH2; 

(Ke2K)-Phe-Vit-0-Phe-Ile-Ph€-Thr-Tyr-Gly-Gtu-Leu-Ala-D-Arg-HH2; 

(N-Me)-Phe-Vil-Phe-Il«-Pht-Thr-Tyr-Gly-Gtu-Leu*Ala-0-Arfl-KH2; »nd 

(H«2N)-Phe-Val-Phe-Me-Phe-Thr-Tyr-Gly-Glu-Leu-Ata-0"Arg*NH2; 



and their pharmaceutical^ acceptable addition salts. In each case, the amino acids have the L-configuration 
25 unless otherwise specified. In a more preferred embodiment, the compounds of the present invention are se- 
lected from the group consisting of 



H-Phe-Val-PheMlc-Phe-ThP-Tyr-Gly-Glu-Ieu-Gtn-Arg-Leu-Gln-Lys-Clu-Arg-Asn-Lyfi-GLy-Glfi-OH; 
K-Phe-Vtl-Ph*Mle-Phe-Thp-Tyr-Gly-Glu-Leu-Cln-Arg-Leu-Gln-Lys-Gtu-Arg-Afin*LyB-Gly-Gln-KH2; 
H-Phe*Val-D-Ph«-Ile-Phe-Thr-Tyr-G(y-Glu-L*^ 

H-Phe-Val-D-Ph*-I te-Phe-Thr-Tyr-Gly-Glu-Leu-Gln-Arg-Leu-Gln-Ly«-Glu-Arg-A$n-Lya-Gty-Gln-WH2; 
H-Phe-Val-Phe-Ite-Ph*-Thp-Tyr-Gly-Glu*Leu-Cln-Arg-NH2; 
K-Phc-Vat-Phe-I le*Phc-Thr-Tyr-Gty-Glu-L«u-Cln-Arg«Leu-Gln-OH; 
(K-K«)-Pfte-Val-Ptie-llfPhe-Thr-Tyr-Gly-Gtu-Leu-GtPi-Arg-Leu-Gln-OH; 
(H«2H)-Ph«-Val-Phe-U*-Ph«-Thr-Typ-Gty-Glu-Leu-Gln-Arg-Lto-Gln-OH; 
H-Pht-Val-D-Pht-!lt-Pht-Thp-Tyr-Gly-Clu-L«u-Gln-Arg-Leu-Gln-OK; 
«-Phe-Val-Ph«-Il«-Pht-Thp-Tyr-Gly-Ctu-Leu-Gtn-Ar B -Leu-Gln-NH2 l * 
(H-H«)-Ph«-V«l-Pti«-nt-P#\«-Thr-Tyr-Giy-Clu-Leu-Gtn-Apg-LeiJ-Gtn-fclH2; 
45 <H«2W)H4>e-Vt(t-rt»«-!(«-Pfie-Thr-Tyr-Gly-filu-L€u-Gln-Arg-Leu-Gln-aJK2; 
«-Phe-Val-Phe-Ile-Pht-Thr-Tyr-ClyGlu-Leu-Cln-Arg-Letj-Ly«-NH2;' 
H-Ptie-Val-Pht-I lfPht-Thr-Tyr*Gly-Gtu-Ltu*Gln-Arg-Leu-0-Cln-H«2; 
H-Pha-Val-D-Phe-II#-Ph«-Thr*Typ-Gly-Glu-L»u-Gtn-Arg-HH2; 
H-Phe-Val-D-Phe-Jle-Phe-Thr-Tyr*GlyClu-Leo-Gtn-Arg-L«u-Gln-OK; 
(M-H*)-^h«-Val-D-Phe-Il*-P^e-Thp-Tyr-Gly-Glu-Lcu-Gln-Arg-Leu-Gln-OH; 
(He2«)-Ph«-Vat-D-Pht-Jl«-Phe-Thr-7yr-Gly-Glu-t«u-Gln-Arg-Lcu-ClPfOH; 
H-Phe-Val-D-Pht-llt-Pht-Thr-Typ-Gly-GLu-Ltu*Gln-Arg-Leu-Gtn-WH2; 
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(M-He)-Phe-Vil-D-W»e-nf-Phe-Thp-Typ*Cly-Clu-Leu-Cln-Arfl-Lcv-filn-«H2; 

(M«2«)-Ph*-V*l-0-Phe-UfPhe-Thr-7yp-ClyCtu-Leu-Cln-Arg-Leu-Cln-HH2; 

H-Phe-V*l-D-Phe-Ilt-Phe*Thr-7yp-Cly-Clu-L«j-Cln-Ar9-Leu-lys-HH2; 

H-Phe-Val-D-Phe-Il«-Phe-Thr-Tyr-GlyCtu-Leu-CLn-APo-Leu-D-Ctn-MH2; 

<M-Ke)*Ph«-Vil-0-Ph«-!le-Phe-Thr*Tyr-Cly*Clu-Leu-Cln-ArB-Leu-0-Cln-MH2; 

(HczH)-Phf-Vil-0-Phe-IlfPhe-Thr-Typ-Cty-Clu-L*u-Gln-Apg*Leu-D-Ctn-NH2; 

(«-H«>-Phe-Vit'Phe-at-Phe-Thr-Tyr*Cly*Clu-Leu-Cln-Arg-Leu-0-Cln-KH2; 

<^2V)-Ph*-V«l-Phe-H»-Phe-ThP-Typ-Cly-Clu-Leu-Cln-Ar9-Leu-0-Cln-«H2; 

<N-H€)-Ph€-V*l-0-Pht-Il»-Phe-Thr-Tyr-Cly-Clu-Leo-Cln-D-Arfl-L«j-Ctn-MH2; 

(M«2«)-^«-Vil-0-Ph*-n«-Phe-Thp-Tyr-Cly-Clu-Leu-Cln*D-Arg-LKi-Cln-NH2; 

(M-Me)-Phe-Vtl-Phe-Ile-Phe-Thr-Tyr-Cly-Clu-Leu^Cln-D-AP0-Leu-Cln-HH2; 

(««2K>-Phe*Vit-Phe*!le-Phe-Thr-Tyr-Gly-Clu-Lcu-Cln-0-Arg-Leu-Cln-«H2; 

(W-Me)-Phe-V«l-D-Phe-Ile"Phe-Thp-Tyr*Cly-Clu-Leu-Gln-APB-Leu-Ly»-NH2; 

<Me2N)-Phe-V«t-D-Phe-Ue-Phe-Thr-Typ-Gly*Glu*Leu*Gln*Arg-Leu-Lys-«H2; 

(M-H€)-Phc-Vil-Phe-Ile-Phe-Thr-Tyr-Cty-Glu-L«J-Gln-Arg-Leu*Lys-NH2; 

(H«2H)-Phe-Vil-Phe-Ilt-Phe-Thr-Tyr-Gly-Glu-Leu*Gln-ArB-Leu-Lys-MH2; 

Oi-He)-Ph«-V«l-D-Phe-llt-Ph*-Thr-Tyr-Gly*Glu-Leu-Gln-D-Arg*Leu-Ly«-HH2; 

<M«2H)-Phe-Vil-D-Phe-nfPhe*ThP-Tyr-Gly-Glu-Leu-Cln-D-AP9-Leu-Ly«-HH2; 

<W*Ke)-Phe-V»l-Ph*-Il«-Phe-Thr-Tyr-GlyGtu-Leu-Gln'D-Arg-Leu-Lys-«M2; 

<Mc2M)-Phe*Val-Phc-Ite-Phe*7hr-Typ-Gly-Glu-Leu-Gln-D-Apg-Leu-Ly»-MH2; 

<H-M€>-Phe-Vil-0-Phe-n«-Phe-ThP-Tyr-Gly-Glu-Leu-Gln-Arg-Leu-D-Lys-NH2; 

(M«2«)-Phe*V«l-0-Phe-ll«-Phe-Thr-Tyr-Gly-Glu-Lcu*Gln-APfl-Leu-D-Lys-HH2; 

<M-He)-Phe-Vil-Phe-ne-Phe-Thp-Tyr-Gly-Glu-Leu-Gln-Apg-ieu-0-Ly»-»IH2; 

<K«2W)-Phe-V»t-Phe-ne-Phe-Thr-Tyr-Cly-Glu-Leu-Gln-Arg-Leu-0Hyi-«H2; 

(«-He)-Phe-Vil-D-Ph«-It«-Phe-7hp-7yp-Gly-Glu-Leu-Gln-D-Arg-Lcu*0-Ly»-NH2; 

<Hc2H)-Phe-V«t-D-Pfie-ne-Phe-7hr-7yr-Gly-Glu-Leu-Gln-D-ArB-L«j-0-Lyi-KH2; 

(M-Me)-Ph«-V*t-Phe-nf-Ph*-7hr-7yp-Cly-Clu-Leu-Gtn-0*Arg-Leu-D-Ly«-MH2; 

(M«2«)-Phe-Vil-Phe-nfPhe*7hP*7yr-Gly-Glu-L«j-Gtn-0-APB-Leu-D-Ly«-MH2; 

<«-M«)-Phe-V«l-D-Phe-ltc-Phe-7hr-7yr-Gly-Glu-Leu-Gln-D-Arfl-lcu-0-Gln-«K2; 

<H«2*)-Phe*V*l-0-Phe-Itt-Phe-7hr-7yr-Gly-Ctu-Leu-Cln-0-Apg-leo-0-Gln*KH2; 

(K-M«)-Ph«-V«l-PH«-Mc-Ph«-7hr-7yp-Gly-Clu-L«J-Gln-D-Arfl-LeiJ-D-Ctn-«H2; 

(H«2«)-Pht-Vil-Pht-]t»-Pht-7hp-Tyr-Cly-Clu-ttu-Gln-D-Arg-Leu-0-Gln-«H2; 

<«^ie)-PfK-V«l-0-Ph*-Ht-fi\t-7hr-7yr-GlyCtu-Leu-AU-Apg-Leu-Clft-«K2; 

(M«2 M )"W»**V«t-0-Phe-Ilt-Ph*-7hp-7yp-Gly-Glu-Leo-Ali-Apg-Leu-Gln-HH2; 

0*-He)-Phe-Vil*Phe-lle-Phc-7hp-7yr-GtyGlu*Leu-Alt-Ar fl -Leu-Gln-MH2; 

(H€2«)-Phe-Val*Phe-Ilt-Phe-7hr-Tyr-GtyGlU'Leu*Ali-Arg-Leu-Cln-KH2; 

(«-Me)-Ph«-Vil-D-Ph«-U*-Ph«-7hp-7yr-GlyGlu-Leu-Ata-Arg-Lcu*D-Gln-«K2; 

(Me2W)-Phe-Vil-0*Phf-UfPhe*7hp-7yr-GtyClu-Leu-Ali-Apg-Leu-0-Gln-NH2; 

(«-M«)-Ph«-V§l-Ph**Ut-Phe-7hr-Tyr-GlyGlu-Leu-Ala-Arg-Leu*D-Gln-MH2; 
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<>»«2H)-Ph«-V»l-Phe-IU-Phe-Thr-Tyr-Cly-Ctu-L«o-Al*-D-Arg-MK2; 



and their pharmaceutical^ acceptable addition salts. 

The compounds of the present invention can be prepared by various methods known in the art such as 

5 by solid phase peptide synthesis or by classical solution phase synthesis. In the solid phase method, the pep- 
tide chain is sequentially constructed using a resin support, typically a polystyrene based, polyhipe based, or 
a polyacrylamide/Kieselguhr composite resin. The growing peptide chain is tethered to the resin support by a 
suitable acid-labile molecular linker, such as hydroxymethylphenylacetamidomethyl (PAM), 4-methylbenzhy- 
drylamino (MBHA), or hydroxymethylphenoxyacetoxy (HMPA) moieties. The peptide chain can then be cleaved 

10 from the linker, and thus the resin support, through acidolysis employing hydrogen fluoride, trif luoroacetic acid 
(TFA), trifluoromethanesulfonic acid (TFMSA), and the like. 

Whether the gastrointestinal motor inhibitory polypeptides of this invention are prepared by solid phase 
or solution phase methods, the basic synthetic approach involves coupling of amino acid subunits through re- 
action of the carboxyl moiety of one suitably protected amino acid or peptide fragment with the amino group 

is of another suitably protected amino acid or peptide fragment to form a new amide bond. In order to effect the 
coupling reaction, the carboxyl moiety must be activated. Activation is accomplished through the use of stan- 
dard coupling reagents such as DCC, DIC, EDCC, BOP, HBTU, or PyBrOP. Except in the case of PyBrOP, an 
equimolar amount of HOBt may be added to suppress racemization of the activated amino acid component. 
Bases such as NMM, DIEA, or TEA may be used in those cases where it is necessary to employ the carboxylate 

20 salt of the corresponding amino acid for activation. 

Alternatively the peptides of this invention can be synthesized by coupling the active esters of the com- 
ponent amino acids. Such active esters include, for example, a pentachiorophenyl ester, a pentaf luorophenyl 
ester, a p-nitrophenyl ester, and the like. , 

During the preparation of the peptides of this, invention, other reactive functionalities of the amino acid 

25 components must be blocked with appropriate protecting groups. In general, the Identity of the a-am.no pro- 
tecting group dictates what type of side-chain protecting groups must be employed. For example, in the case 
where the a-amino group is protected as its Boc derivative, side-chain protection is usually accomplished with 
ester ether, or urethane derivatives of benzyl alcohol. Ester and ether derivatives of cyclohexanol have also 
been'used with some success. In contrast, when the a-amino group is protected as its Fmoc derivative, side 

30 chain functionality is generally protected as ester, ether, or urethane derivatives of f-butanol. Of course, alter- 
native combinations of protecting groups may be employed especially when the peptides of this invention are 
synthesized by solution phase methodology. , 

Removal of the Fmoc a-amino protecting group may be readily accomplished with a base, typically pyr- 
idine The side chain protecting groupscan beremoved by treatment with TFA in the presence of an appropnate 

35 carbonium ion scavenger, which also cleaves the bond between the C-terminus of the peptide and the res.n 
linker The Boc protecting group is generally removed by treatment with dilute TFA. Following TFA cleavage, 
however the a-amino group is present as its TFA salt. In order to make the a-amino group of the growing pep- 
tide chain reactive toward the next amino acid derivative, the resin-bound peptide is neutralized with a base 
such as TEA or DIEA. Strong acid, such as hydrofluoric acid or TFMSA, containing suitable scavengers is then 

40 used to deprotect the amino acid side-chains and to cleave the peptide from the resin support. 

The compounds of the present invention while effective in the form of the free base may be formulated 
and administered in the form of pharmaceutical^ acceptable acid addition salts for purposes of stability, con- 
venience of crystallization, increased solubility and the like. These acid addition salts are formed by conven- 
tional methods from suitable inorganic or organic acids such as hydrochloric, sulfuric, sulfonic, tartaric, f umaric, 

45 hydrobromic, glycolic, citric, maleic, phosphoric, succinic, acetic, nitric, benzoic, ascorbic, rMoluenesulfonic, 
benzenesulfonic, naphthalenesulfonic, propionic acid, and the like. Preferably, the acid addition salts are those 
prepared from hydrochloric acid, acetic acid, or succinic acid. 

The compounds of the present invention can be combined with a pharmaceutical^ acceptable carrier to 
provide a pharmaceutical composition. Suitable carriers for the subject compounds as the free base include 

so propylene glycol-alcohol-water, isotonic water, sterile waterfor injection (USP), emulphor™-alcohol-water, cre- 
mophor-EL™ or other suitable carriers known to those skilled in the art. 

Suitable carriers for the acid addition salts of the subject compounds include isotonic water, sterile water 
for injection (USP), alone or in combination with other solubilizing agents such as ethanol, propylene glycol, ■ 
or other conventional solubilizing agents known to those skilled in the art. A preferred carrier is an isotonic 

55 aqueous solution of the inventive compound. 

The compounds of the present invention can be administered to mammals, e.g., animals or humans, in 
amounts effective to provide the desired gastrointestinal motor inhibitory activity. Since the activity of the com- 
pounds and the degree of the desired therapeutic effect vary, the dosage level of the compound employed 
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will also vary. The actual dosage administered will also be determined by such-generally recognized factors 
as the body weight of the patient and the individual hypersensitiveness of the particular patient. Thus, the unit 
dosage for a particular patient (man) can vary from as low as about 0.1 ug per kg of body weight, which the 
practitioner may titrate to the desired effect. A preferred minimum dose for titration is 1 ug/kg body weight 

The compounds of the present invention can be administered by recognized parenteral routes, in the form 
of sterile solutions or suspensions, in the carriers previously described. These preparations should contain at 
least about 0.1 %, by weight, of the inventive compound but this amount may be varied to between about 0.1 % 
and about 50%, by weight, of the inventive compound. The compounds of the present invention are preferably 
administered intravenously and the dosage used will generally be in the range from about 0.1 ug to about 500 
mg, and preferably from about 1 u.g to about 50 mg, per 70kg body weight. This dosage may be administered 
from 1 to 4 times daily. 

The sterile solutions or suspensions may also include the following adjuvants: a sterile diluent, such as 
water for injection, saline solution, fixed oils, polyethylene glycol, glycerine, propylene glycol, or other synthetic 
solvent; antibacterial agents, such as benzyl alcohol or methyl paraben; antioxidants, such as ascorbic acid 
or sodium metabisulfite; chelating agents, such as ethylenediaminetetraacetic acid (EDTA); buffers, such as 
acetates, citrates or phosphates; and agents for the adjustment of tonicity, such as sodium chloride or dex- 
trose. The parenteral preparations may be enclosed in ampules, disposable syringes, or multiple dosage vials 
made of glass or plastic. 

Throughout this application, various publications have been referenced. The disclosures in these, public- 
ations are incorporated herein by reference in order to more fully describe the state of the art. 

The present invention is further illustrated by the following examples which are presented for purposes of 
demonstrating, but not limiting, the preparation of the compounds and compositions of this invention. 

Example 1 

[3-Phenylalanine, 13-leucine]motilin (Porcine), Pentakis-trifluoroacetate Salt 



H-Ph«-V»l-PheM le-Phe-Thr-Tyr-^ 

30 

The peptide was synthesized on 2.0 g. of Fmoc-L-Gln(Mbh)PepSyn KA resin (0.08 mequiv/g) by solid 
phase continuous f iow techniques employing a MilliGen Model 9050 peptide synthesizer. All residues were cou- 
pled as Pfp esters of the Fmoc amino acids in the presence of HOBt, except for Thr which was the ODhbt ester. 

35 The side chain protection was as follows: Arg(Mtr), Glu(OtBu), Lys(Boc), Tyr(tBu), and Thr(tBu). Asn and Gin 
were left unprotected. Afour-fold molar excess of the Fmoc amino acid OPfp/HOBt in DMF was used for cou- 
pling. Coupling efficiency was monitored by the Kaiser test. Coupling times ranged from 1-4 hours. After each 
coupling cycle, removal of the Fmoc-a-amino protecting group was accomplished with 20% piperidine in DMF. 
Following synthesis, the resin-bound peptide was washed with DCM and dried under vacuum overnight. De- 

40 blocking and cleavage of the peptide from the resin was performed at room temperature by shaking with an- 
hydrous TFA containing 5% thioanisole, 3% ethanedithiol, and 2% anisole (20 ml. total) for 8 hours. The cleav- 
age solution then was added dropwise to 250 ml. cold ether and the precipitated peptide collected by filtration 
to obtain 370 mg (70%) of the title peptide as a white powder. Peptide purification was achieved in three runs 
(typical load = 125 mg per run) by HPLC on a Waters Delta-Prep 3000 (Waters Associates) using two C-18 

45 columns in series (250 x 20mm, 15u, Vydac). The solvent system was 0.1% TFA with a 30 minute gradient to 
60% acetonitriie/40% TFA(0.1 %) at 20 m!/min with UV detection at 220 nm. The purity of individual fractions 
was assessed by analytical HPLC (30 minute gradient, 100% TFA(0.1%) to 100% acetonitrile, 1 ml/min, 214 
nm; R t = 16.22 min) and capillary zone electrophoresis. Pure fractions (>95%) were pooled and lyophilized to 
provide 145 mg (27%) of the title peptide as a flocculent white powder. 

so AAA: Asx 1.01 (1), Thr 0.84 (1), Glx 6.01 (6), Gly 2.05 (2), Val 0.97 (1), lie 0.92 (1), Leu 2.02 (2), Tyr 0.99 

• (1), Phe 2.95 (3), Lys 2.13 (2), Arg 2.00 (2). FAB-MS: (M+H) + calcd 2732, found 2732. 
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ExampI 2 

[3-PhenyIalanine]motilin-(1-12)-peptide Amide (Porcine), Bis-trifluoroacetate Salt. 

5 

H-Phe-Va]-Phc-Ilc-Phe-Thr-Tyr-G]y-GIu-Leu-Gln-Arg-NH2 

The peptide was synthesized on 1.0 g. of MBHAresin (0.27 mequiv/g) using a MilliGen Model 9600 peptide 

10 synthesizer. All Boc amino acids were coupled following preactivation with an equimolar amount of DIC in 
DMF / DCM. Boc-L-Gln-OH was preactivated in the presence of 1.5 equivalents of HOBt to suppress dehy- 
dration of the amide side chain. The side chain protection was as follows: Arg(Tos), Glu(OBzl). Tyr(2-Br-Cbz), 
and Thr(Bzl). A 6.67-fold molar excess of the Boc amino acid was used for coupling. Coupling strategy was 
determined by the Analysis Expert System in the Milligen Biodrive v 1.05 software package. Protocols were 

15 as follows: Arg 12 (2 hr, double couple); Gin" (2 hr, single couple); Leu«> (2 hr, single couple); Glu* (2 hr, single 
couple); Giya (2 hr, single couple); Tyr? (2 hr, single couple); Thr« (2 hr, single couple); Phe* (2 hr, double couple); 
lie* (2 hr, double couple); Phe 3 (2 hr, double couple); Val* (2 hr, double couple); Phe* (2 hr, double couple). 
Coupling efficiency was monitored by the Kaiser test After each cycle, removal of the Booa-amino protecting 
group was accomplished with TFA/anisole/DCM (45:2.5:52.5). The peptide was converted to its free base by 

20 washing with 10% DIEAin DCM. Following synthesis, the resin-bound peptide was dried under vacuum over- 
night. Deblocking and cleavage of the peptide from the resin was performed at -5°C for 2 hours by stirring the 
resin with anhydrous HF containing 8.3% dimethylsulf ide and 8.3% anisole (1 0 ml. total). Following evaporation 
of the cleavage solution, the residue was partitioned between ether (1 50 ml) and water (1 50 ml). The aqueous 
layer was washed several times with ether (4 x 150 ml) and lyophilized to provide the title peptide as a white 

25 powder. Peptide purification was achieved in two runs (typical load = 115 mg per run) by HPLC on a Waters 
Delta-Prep 3000 (Waters Associates) using two C-1 8 columns in series (250 x 20mm, 1 5p, Vydac). The solvent 
system was 0.1 % TFA with a 30 minute gradient to 60% acetonitrile/40% TFA(0.1%) at 20 ml/min with UV de- 
tection at 220 nm. The purity of individual fractions was assessed by analytical HPLC (30 minute gradient, 
100% TFA(0.1%) to 100% acetonitrile, 1 ml/min, 214 nm; R t =17.05 min) and capillary zone electrophoresis. 

30 Pure fractions (>95%) were pooled and lyophilized to provide 97 mg (21%) of the title peptide as a flocculent 
white powder. 

AAA: Thr 0.95 (1), Glx2.05 (2), Gly 1.02 (1), Val 0.85 (1), He 0.95 (1), Leu 1.06 (1), Tyr 1.03 (1), Phe 3.01 
(3), Arg 1.06 (1). FAB-MS: (M+H) + caIcd 1519, found 1519. 

35 Example 3 

[1-N-Methylphenylalanine, 3-phenylalanine, 13-leucine] motilin-(1-14)-peptide (Porcine), Bis-trifluoroace- 



40 



(N-Me)-Phe-Val-Phe-Ik^^ 



The peptide was synthesized on 0.9 g. of Fmoc-L-Gln(Trt)PAC resin (0.28 mequiv/g) by solid phase con- 
45 tinuous flow techniques employing a MilliGen Model 9050 peptide synthesizer. The resin was mixed with 5.4 
g of glass beads (acid washed, 150-212 microns), dry-packed into a continuous flow column, and swelled with 
DMF for 1 hr prior to use. Fmoc-MePhe-OH was coupled by preactivation with BOP and HOBt (1:1:1) in the 
presence of 0.6M NMM in DMF. Fmoc-L-Thr-OH was coupled as its ODhbt ester in the presence of HOBt. All 
other residues were coupled as Pfp esters of the Fmoc amino acids in the presence of HOBt. The side chain 
so protection was as follows: Arg(Mtr), GIu(OtBu), Tyr(tBu), and Thr(tBu). Gin was left unprotected. Afour-fold mo- 
lar excess of the Fmoc amino acid derivative in DMF was used for coupling. Coupling efficiency was monitored 
by the Kaiser test. Typical coupling times ranged from 1-4 hours. After each cycle, removal of the Fmoc-a- 
amino protecting group was accomplished with 20% piperidine in DMF. Following synthesis, the resin-bound 
peptide was washed with DCM and dried under vacuum overnight. Deblocking and cleavage of the peptide 
55 from the resin was performed at room temperature by shaking with anhydrous TFA containing 5% thioanisole, 
3% ethanedithiol, and 2% anisole (20 ml. total) for 8 hours. The cleavage solution then was added dropwise 
to 250 ml. cold ther and the precipitated peptide collected by filtration to obtain the title peptide as a white 
powder. Peptide purification was achi ved in three runs (typical load = 100 mg per run) by HPLC on a Waters 
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Delta-Prep 3000 (Waters Associates) using two C-1 8 columns in series (250 x20mm, 15p., Vydac). The solvent 
system was 0.1% TFA with a 30 minute gradient to 60% acetonitrile/40% TFA(0.1%) at 20 ml/min with UV de- 
tection at 220 nm. The purity of individual fractions was assessed by analytical HPLC (30 minute gradient, 
100% TFA(0.1%) to 100% acetonitrile, 1 ml/min, 214 nm; R t =17.99 min) and capillary zone electrophoresis. 
5 Pure fractions (>95%) were pooled and lyophilized to provide 86 mg (18%) of the title peptide as a flocculent 
white powder. 

AAA: Thr 0.87 (1), Glx 3,13 (3), Gly 1.13 (1), Val 0.75 (1), lie 0.96 (1), Leu 2.10 (2), Tyr 0.99 (1), Phe 1.97 
(2), Arg 1.03 (1). FAB-MS: (M+H) + calcd 1775, found 1775. 

10 Example 4 

Determination of motilin receptor binding affinity 

The motilin receptor binding affinity of the peptides of this invention was determined by using the genera! 
15 procedure of Bormans, Peeters and Vantrappen, Regul. Pept., 15, 143-153 (1986). The ability of the peptides 
to displace [ 125 l-Tyr 7 , NIe 13 ]motilin(porcine) bound to rabbit antral smooth muscle membranes, was determined 
by testing twice, each time in duplicate, at concentrations ranging from 1 0~ 11 to 1 0^ M. The concentration dis- 
placing 50% of the label (IC 50 ) was determined by fitting the data to the equation describing displacement, as- 
suming a single class of motilin receptors to which labeled arid non-labeled motilin bind with equal affinity and 
c 20 non-cooperatively. Fitting was performed using the iterative least-squares procedure of the SAS-software 
package (SAS Institute, Inc., Gary, NC, USA). From a large series of control experiments the dissociation con- 
stant of motilin itself was calculated as 0.75 nM (pK d = 9.12), and this value was used for all calculations. The 
concentration displacing 50% of the label is expressed using its negative logarithm (plC 50 ). 

25 Example 5 

Rabbit duodenal smooth muscfe strip tissue bath assay 

The contractile response of segments of rabbit duodenum was determined isotonically in the tissue bath 
30 according to the procedure of Depoortere et al., J. Gastrointestinal Motility, 1, 150-159 (1989). The experi- 
mental protocol consisted of an equilibration period of 1 hour; a challenge with 10^ M acetylcholine followed 
by a wash-out period; a cumulative dose-response curve of a compound with, at the end, the addition of 
10- 7 M motilin; and finally 1CH M acetylcholine. If the final response to 1CH M acetylcholine differed by more 
than 5% from the initial response, the results were discarded. The compounds were tested in the concentration 
35 range 1 (h 11 to 1 (H M. The point corresponding to 50% of the maximal response to motilin (E max ) was determined 
by fitting the equation E = E max (1 + EC 50 /[L]) through the data points. For weakly active compounds 90% of 
the response to 10- 7 M motilin was used as^E,^. The dose giving 50% of the response is expressed using its 
negative logarithm (pEC-o)- 

40 Example 6 

Motilin Receptor Antagonism 

To determine motilin receptor antagonism, the contractile response of segments of rabbit duodenum to 
45 motilin was determined isotonically in the tissue bath in the presence of a fixed concentration of the compound 
of interest. The experimental protocol consisted of an equilibration period period of 1 hour; a challenge with 
1 0-^ M acetylcholine followed by a wash-out period; a cumulative motilin dose-response curve in the presence 
of the motilin receptor antagonist; and finally a challenge with 10- 4 M acetylcholine. If the final response to 
10^ M acetylcholine differed by more than 5% from the initial response, the results were discarded. The point 
50 corresponding to 50% of the maximal response to motilin (E max ) was determined by fitting the equation 

E - E max (1 + EC 50 /[L]) 

through the data points. The dose of motilin giving 50% of the response is expressed using its negative loga- 
rithm (pEC 50 )., Compounds of interest were tested at concentrations of 10-* to 10- s M. 

For example, in the presence of 10- fl M [Phe 3 , Leu 13 ]pMOT(1-14) the dose-response curve of motilin was 
55 shifted by about one log unit. Thus the pEC^, was 7.26 ± 0.21 as compared to the control value of 8.33 ±0,17. 
[Phe 3 , Leu 13 ]pMOT(1-14) at 10~ 5 M completely blocked the full contractile response to motilin. The competitive 
nature of the interaction was confirmed by Schild-analysis (slope: 0.86 ± 0.06). 
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MMb Receptor A oUsMlist! to „„ „ 



Compound 
[Phe 3 , Leu 13 JpMOT 



{He 3 , Leu I3 ]pMOT 




[Phe 3 , Leu 13 JpMOT(l-14) 



[Leu 3 Leu 13 ]pMOT(l-14) 



[p-I-Phe 3 , Leu 13 J P MOT(l-14) 



[Thi 3 Leu 13 JpMOT(l-l4) 



[Cha 3 , Leu I3 ]pMOT(l-14) 



P-Nal 3 , Leu 13 JpMOT(l-14) 



[Phe 3 , Ala 11 , Leu 13 ]pMOT(l-14) 



[Leu 2 , Phe 3 , L eu 13 ]pMOT(l-14) 
^fjLeu 13 , Lys 14 JpMOT(l-14) amide 



[rv-Phe^Phe 3 , Leu 13 JpMOT(l-14) 



[Cha 1 , Phe 3 , Leu 13 JpMOT(I-]4) 



<4.5 



<4.5 



<4.5 



<4.5 



<4.5 



<4.5 
<4.5 



<4.5 



7.82 



<4.5 



7.79 




7.59 



7.68 




7.80 



7.47 
8.80 



6.64 



7.53 
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Motilin Receptor Antagonists in Binding and in Contractility Experiments 

(continued) 



Compound 


pEC50 


pIC50 


[Phe 3 ]pMOT(l-12) amide 


<4;5 


7.56 


[N-MePhc 1 , Phc 3 , Leu 3 ]pMOT(l-14) 


<4.5 


7.97 


[Phe 3 Cha 5 , Lcu 13 ]pMOT(l-14) 


<4.5 


7.60 


[Phc 3 , Leu 13 , D-Gln 14 ]pMOT(l-14) amide 


<4.5 


9.01 



* pMOT = porcine motilin 



While we have represented a number of embodiments of this invention, it is apparent that the basic con- 
struction can be altered to provide other embodiments which utilize the invention without departing from the 
spmt and scope of the invention. All such modifications and variations are intended to be included within the 
scope of the invention as defined in the appended claims rather than the specific embodiments which have 
been presented by way of example. 
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Claims' 

1 Polypeptides having gastrointestinal motor inhibitory activity represented by the formula: 
RrN-'CHCO-A-B-D-E-Thr-F-G-H-Leu-l-J-NH-'CHRg (1 ) 
R 2 CH 2 R 3 CH 2 R 4 



including optically active isomeric forms and the pharmaceutical acceptable acid addition salts thereof 
40 wherein: 

A is the L-stereoisomer of a lipophilic aliphatic or alicyclic amino acid; 

B is selected from the group consisting of L and D aromatic, heteroaromatic, lipophilic aliphatic and ali- 
cyclic amino acids; ' 
D is the L-stereoisomer of a lipophilic aliphatic or alicyclic amino acid; 
45 E is the L-stereoisomer of an aromatic, aliphatic, or alicyclic amino acid; 

F is the L-stereoisomer of an aromatic or heteroaromatic amino acid; 
G is glycine or D-alanine; 
H is L-glutamic acid or L-glutamine; 
I is L-glutamine, L-glutamic acid, or L-afanine; 

J is a direct bond between I and group -NH- or is selected from the group consisting of Z Z-Leu Z-Leu- 
Gln, Z-Leu-GIn-Glu f Z-Leu-Gln-Glu-Lys, Z-Leu-Gln-Giu-Lys-Glu, Z-Leu-Gin-Glu-Lys-Glu-Arg ' Z-Leu- 
Gln-Glu-Lys-Glu-Arg-Asn, Z-Leu-Gln-Glu-Lys-Glu-Arg-Asn-Lys, and Z-Leu-Gln-Glu-Lys-GIu-Arg-Asn- 
Lys-Gly ( wherein Z is selected from the group consisting of arginine, D-arginine, D-homoarginine D-ly- 
sine, D-ornithme, D-2,4-diaminobutyric acid, D-glutamine, D-asparagine, and D-alanine; 
Rf and R 2 are independently hydrogen or lower-alkyl; 

R 3 is selected from the group consisting of lower-alkyl, cycloalkyl, substituted and unsubstituted aryl and 
heteroaryl, wherein the aryl group may be substituted with one or more substituents selected from the 
group consisting of halogen, hydroxy, and iower-alkoxy; 
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R4 is selected from the group consisting of -CH 2 CONH 2r aminoaikyi groups-containing from 1 to 3 carbon 
atoms, and guanidinoalky! groups containing 2 or 3 carbon atoms; 
R 5 is -COOH or -CONH 2 ; and 

the symbol * represents an asymmetric carbon atom which may be in the D or L configuration, and each 
iower-aikyi group contains from 1 to 4 carbon atoms, with the proviso that R4 is -CH 2 CONH 2 only when 
J is Z-Leu orZ-Leu-Gln-Glu-Lys-Glu-Arg-Asn-Lys-GIy. 

2. The polypeptide according to claim 1 , wherein (RiMRJN-'CHCCHaRJCO- is selected from the group con- 
sisting of L-phenyfalanine, D-phenylalanine, L-cyclohexylalanine, and D-cyciohexylalanine. 

3. The polypeptide according to claim 1 , wherein the amino acid of A is selected from the group consisting 
of valine, isoleucine, leucine, norvaline, norleucine, and cyclohexylalanine. 

4. The polypeptide according to claim 1 , wherein the amino acid of B is selected from the group consisting 
of phenylalanine, p-fluorophenylalanine, p-chlorophenylalanine, p-bromophenylalanine ( p-iodophenylala- 
nine, tyrosine, p-methoxyphenylalanine, 1-naphthylalanine t 2-naphthylalanine, tryptophan, p-2-thienyla- 
lanine, p-3-pyridyl alanine, a-aminobutyric acid, norvaline, norleucine, leucine, and cyclohexylalanine. 

5. The polypeptide according to claim 1 , wherein the amino acid of D is selected from the group consisting 
of isoleucine, valine, leucine, norvaline, norleucine, and cyclohexylalanine. 

6. The polypeptide according to claim 1 , wherein the amino acid of E is selected from the group consisting 
of phenylalanine, p-fluorophenylalanine, p-chlorophenylalanine, p-bromophenylalanine, p-iodophenylala- 
nine, tyrosine, p-methoxyphenylalanine, 1-naphthyIalanine, 2-naphthylalanine, leucine, alanine, and cy- 
clohexylalanine. 

7. The polypeptide according to claim 1, wherein the amino acid of F is selected from the group consisting 
of tyrosine, phenylalanine, p-methoxyphenylalanine, histidine, tryptophan, p-2- thienylalanine, and p-3- 
pyridylalanine. 

t. The polypeptide according to claim 1, wherein J is a direct bond between I and group -NH-, or is selected 
from the group consisting of Z-Leu, Z-Leu-Gln-Glu, Z-Leu-Gln-Glu-Lys-Glu, Z-Leu-Gln-Glu-Lys-Glu-Arg- 
Asn, and Z-Leu-Gln-GIu-Lys-Glu-Arg-Asn-Lys-Gly and Z is selected from the group consisting of arginine, 
D-arginine, and D-glutamine. 

. The polypeptide according to claim 1, wherein R 3 is selected from the group consisting of methyl, ethyl, 
n-propyl, iso-propyl, n-butyl, cyclohexyi, phenyl, p-fluorophenyl, p-chlorophenyl, p-bromophenyl, p-iodo^ 
phenyl, p-hydroxyphenyl, p-methoxyphenyl, 1-naphthyl, 2-naphthyl, 3-indoiyl, 2-thienyl, and 3-pyridyl. 

). The polypeptide according to claim 1 , wherein R4 is selected from the group consisting of -CH 2 CONH 2 , 
and aminoaikyi groups containing from 1 to 3 carbon atoms. 

. Polypeptides according to any one of the preceding claims for use in therapy. 

:. A process for the preparation of polypeptides having a composition according to claim 1, comprising re- 
acting with a strong acid a polypeptide of formula (1) which is linked to a suitable resin support and which 
contains protecting groups on amino acids having reactive functionalities so as simultaneously to cleave 
the polypeptide from said resin support and remove said protecting groups. 
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